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ABSTRACT: A series of physical model experiments is conducted to investigate the flow velocity reduction 
downstream from fishing net in current. The plane net is fixed on a steel frame, which is 0.3 m in width and 0.3 m in 
height, and positioned in the center of the flume normal to the flow direction. In the experiments, the acoustic Doppler 
velocimeter (ADV) is applied to measure the flow velocity behind the plane net. This paper presents the flow velocity 
reduction behind the plane net(s) with different solidity, spacing distances between two plane nets and plane net 
numbers. According to the experimental data, there exists an obvious flow velocity reduction downstream from the 
plane net and the flow velocity reduction increases with increasing net solidity. For two plane nets with different 
spacing distances, the average value of flow velocity reduction factor is 0.90 between and 0.83 downstream the two 
plane nets. As the net number increases from 1 to 4, the minimum flow velocity reduction factor downstream from the 
plane nets decreases from 0.90 to 0.68. It is found that there is a close relationship between the flow velocity reduction 
and the above parameters of the plane net. These results should help improve understanding of flow around the net cage.  
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INTRODUCTION 
In a typical marine aquaculture operation, fish are 
raised in net cages consisting of a suspended net 
chamber. In a net cage, water motion is beneficial to 
maintaining the water quality and sufficient water 
exchange is important for the fish health and growth. 
However, too intense water motion can cause serious 
deformation of the fishing net and the effective volume 
of the net cage reduced sharply which is disadvantageous 
to fish comfort. Numerous studies have shown that, the 
force on cage net is proportional to the square of the 
flow velocity. Even if small velocity differences exist, 
this may lead to great force differences. So in the 
investigation on the forces acting on the net cage, the 
flow velocity distribution around the cage net usually 
cannot be ignored. Furthermore, the flow field 
characteristics determine the distribution of nutrients, 
refuse and dissolved oxygen in the net cage. Thus, the 
investigation on the flow field inside and around the net 
cage has become an important subject. 
Because the fishing net is a kind of small-scale 
flexible structure, the flow field around the net structure 
is rather complex. To better understand the 
hydrodynamic fields of the net cage, extensive 
investigations have been carried out in the past decades. 
To our knowledge, the first investigation of the flow 
filed of net cages was performed by Aarsnes et al. 
(1990). A series of experiments were carried out to study 
the velocity distribution within net cage systems, and 
flow velocity reduction formulae for the net cages were 
developed. Over the decades since, much progress has 
been made in the understanding the flow filed inside and 
around net cages by experimental approach. Fredriksson 
(2001) studied the flow velocity in an open ocean cage 
with field measurements, and an approximate 10% 
velocity reduction was found. Lader et al. (2003) carried 
out a series of experiments to investigate the forces and 
geometry of a net cage in uniform flow, and an average 
of 20% velocity reduction was measured inside the cage. 
Fredheim (2005) calculated the flow distribution around 
a three-dimensional net structure as a superposition of 
effects due to individual cylinders (twine) and spheres 
(knots), and the wake is described by a distribution of 
sources. Li et al. (2005) analyzed the shadowing effect 
of six practical gravity cage models by physical model 
tests, and the flow reduction coefficients within and 
downstream of the net cages were obtained. Gui et al. 
(2006) proposed a model for the calculation of velocity 
reduction behind a fishing net based on the assumption 
of effective adjacent area around the fishing net. 
Johansson et al. (2007) performed field measurements at 
four farms in Norway, and major current reduction was 
measured in the current passing through the cages. The 
measured current reduction was between 33% and 64%. 
Harendza et al. (2008) conducted experiments in a 
towing tank with particle image velocimetry (PIV) 
configurations to investigate the flow field around 
cylinder fish cages with varying inclination angles and 
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porosity, and the effects of inclination and porosity were 
described. Lee et al. (2008) conducted water tank 
experiments using plane nets at different attack angles to 
study the shielding effect of the fish-cage system in 
currents. Balash et al. (2009) performed experiments on 
interaction between flow and a plane net and measured 
hydrodynamic loads on the plane net in both steady and 
oscillating flows. Patursson et al. (2010) developed a 
numerical model to simulate the flow field behind a 
plane net without considering the net deformation by 
treating the net structure as a porous medium. Gansel et 
al. (2011) conducted laboratory tests and field 
measurements to study the effects of biofouling and fish 
behavior on the flow field inside and around stocked 
salmon fish cages. Zhao et al. (2013) proposed a three-
dimensional numerical model using the porous media 
model and presented the flow field inside and around 
multiple net cages. 
Through the review of literature, laboratory 
experiment is the main method to study the flow field 
around net structure. In this paper, the flow velocity 
distribution behind the plane net(s) is obtained using the 
acoustic Doppler velocimeter (ADV). A series of 
experiments are conducted to investigate the flow 
velocity distribution behind the plane net(s) with 
different solidity, spacing distances between two plane 
nets and plane net numbers in current. 
 
DESCRIPTION OF THE EXPERIMENT 
All the laboratory experiments in this paper are 
carried out in a wave-current flume at the State Key 
Laboratory of Coastal and Offshore Engineering, Dalian 
University of Technology, Dalian, China. The flume is 
22 m long, 0.45 m wide and 0.6 m deep and is equipped 
with a current-producing system at one end. The depth of 
water was 0.4 m in the experiments. In the experiments, 
ADV is applied to measure the flow velocity at different 
measurement points behind the plane net(s). 
 
Experimental setup 
The plane net is stretched on a square steel frame 
with a 6 mm diameter, which is 0.3 m×0.3 m, and 
positioned in the center of the flume normal to the flow 
direction. The setup is designed with special attention 
such that the deformation of the frame is considered 
negligible. The frame can be oriented arbitrarily around 
the y-axis. Taking the single plane net as an example, the 
physical model and the measurement points are shown in 
Fig. 1. The coordinate system for the physical model is a 
right-handed, 3D Cartesian coordinate system. The 
origin of coordinates is set to the center of the plane net 
on the free surface. In the coordinate system, x is 
positive along the flow direction, y is perpendicular to 
the flow direction on the horizontal plane and z is 
negative toward the direction of the acceleration of 
gravity. Three net models with different solidity are used 
in the experiments (see Fig. 2).  The characteristics of 
the net models are presented in Table 1. 
 
Table 1  The characteristics of the net models 
Net model N1 N2 N3 
Twine 
diameter 
d (mm) 
2.6 2.6 1.2 
Bar length 
λ (mm) 
20 20 20 
Net 
solidity Sn 
0.272 0.243 0.131 
Mesh 
geometry 
shape 
Diamond Square Diamond 
Net 
material 
PE PE PA 
Mesh 
number in 
width nH 
15 15 15 
Mesh 
number in 
height nV 
8.5 15 8.5 
 
 
Fig. 1 Physical model of a plane net and general setting 
of the measurement points (unit: m): (a) horizontal view 
and (b) vertical view 
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Fig. 2 Pictures of three net models 
 
The net solidity Sn describes the ratio of the projected 
area of the net over the total area enclosed by the net. 
For a plane net with diamond mesh, the net solidity can 
be expressed as: 
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where d is the twine diameter of the net; λ is mesh bar 
length; EH is the hanging ratio in horizontal direction and 
EV is the hanging ratio in vertical direction, which are 
defined as follows: 
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where W is the width of the plane net, H is the height of 
the plane net, nH is mesh number in width and nV is mesh 
number in height. 
For a plane net with square mesh, the net solidity can 
be expressed as: 
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Experimental technique 
Current measurements are carried out using a Nortek 
ADV with a specified accuracy of 1 mm/s. The sampling 
rate is 50 Hz. The flow velocity measured by ADV is the 
x-component (u) of the flow velocity. Detailed 
measurements along the centreline of the plane net are 
conducted at different measurement points. A number of 
current measurements are also performed with the empty 
frame. The results indicate that the frame has no obvious 
influence on the flow velocity around the plane net. 
These measurements are run three times to assess the 
repeatability of the measurements. Each measurement of 
current is conducted over a period of 30 s. The mean 
velocity at a measurement point is the averaged value of 
the three measurements. Fig. 3 shows the flow velocity 
measurement downstream from a plane net. 
 
 
Fig. 3 Picture of the ADV and plane net setup 
 
Experimental conditions 
The flow velocity measured at measurement point 1 
(see Fig. 1) is considered as the incoming velocity. The 
measurements are performed with four different 
incoming velocities, u0=0.058, 0.113, 0.170 and 0.226 
m/s. In each current condition, the flow velocity behind 
the plane net(s) with different solidity, spacing distances 
between two plane nets and plane net numbers are 
measured. 
 
EXPERIMENTAL RESULTS 
The flow velocity distribution around the plane net 
can be influenced by many parameters, such as net 
solidity, spacing distance between two plane nets and 
plane net number. In this section, one of these 
parameters changes gradually and the corresponding 
effect on the flow velocity behind the plane net(s) is 
investigated by laboratory experiments.  
 
Single plane net with different solidity 
 
Model description 
In this section, laboratory experiments are carried out 
to measure the flow field downstream from three net 
models with different solidity, N1 (Sn=0.272), N2 
(Sn=0.243) and N3 (Sn=0.131). The physical model and 
the measurement points of ADV are as shown in Fig. 1. 
 
Results and discussion 
The flow velocity reduction factor r=u/u0 is defined 
to show the flow velocity reduction downstream from 
the plane net, where u is the flow velocity at a 
measurement point and u0 is the incoming velocity. 
Setting the measurement point 3 as a standard point, 
the flow velocity reduction factors under different 
incoming velocities are presented in Fig. 4. For net 
model N2, the flow velocity reduction factor has no 
obvious variation with the incoming velocity increasing. 
However, as incoming velocity increases, the flow 
velocity reduction factor of net models N1 and N3 tends 
to become greater. The shielding effect of the plane net 
will become weaker with incoming velocity increasing. 
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As shown in Fig. 5, there exists an obvious flow 
velocity reduction downstream from net models N1, N2 
and N3. The maximum velocity reduction is reached 
approximately 0.5W (0.5 times the width of the plane 
net) downstream from the plane net, and the 
corresponding flow velocity reduction factors are 0.86 
for net model N1, 0.90 for net model N2 and 0.98 for net 
model N2. As the distance to the plane net continues to 
increase, the flow velocity tends to increase. 
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Fig. 4 The flow velocity reduction factor at measurement 
point 3 downstream from three net models under four 
different incoming velocities 
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Fig. 5 The flow velocity reduction factor at different 
measurement points around three net models when 
incoming velocity is 0.170 m/s 
 
Two plane nets with different spacing distances 
 
Model description 
In this section, laboratory experiments are carried out 
with two tandem plane nets at different spacing distances, 
L/W=0.5, 1.0, 1.5 and 2.0. The two plane nets, which are 
normal to the flow direction, are centered on the width of 
the flume. The former plane net is fixed in place, while 
the latter is positioned downstream with different 
spacing distances (see Fig. 6). 
 
 
Fig. 6 Vertical view of two plane nets model and general 
setting of the measurement points (unit: m) 
 
Results and discussion 
It is apparent from the existing data that the flow 
velocity reduction downstream from two plane nets is 
insensitive to the spacing distance (see Fig. 7). The 
maximum discrepancy is only 4.17% between different 
spacing distances. When the incoming velocity is 
u0=0.058 m/s, the flow velocity reduction factor 
downstream from two plane nets is the smallest, and 
there seems to be a tendency that it increases slightly 
with increasing incoming velocity. 
According to the experimental results, the flow 
velocity distributions around two plane nets with 
different spacing distances have similar reduction 
tendency in the flow direction (see Fig. 8). The flow 
velocity reduction factors are approximate to each other 
both between and downstream from two plane nets. It is 
shown that the variation of spacing distance has no 
obvious influence on the flow velocity reduction 
between and downstream from two plane nets. When the 
incoming velocity is u0=0.170 m/s, the average value of 
flow velocity reduction factor between two plane nets is 
0.90, and it reaches to 0.83 downstream from two plane 
nets. 
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Fig. 7 The flow velocity reduction factor at measurement 
point 3 downstream from two plane nets at different 
spacing distances (L/W=0.5, 1.0, 1.5 and 2.0) 
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Fig. 8 The flow velocity reduction factor at different 
measurement points around two plane nets at different 
spacing distances when incoming velocity is 0.170 m/s 
 
Multiple plane nets 
 
Model description 
A series of laboratory experiments are carried out 
with plane nets at different net numbers, n=1, 2, 3 and 4, 
and the spacing distance between every two adjacent 
plane nets is 0.3 m (equivalent to the width of the plane 
net). The plane nets, which are normal to the flow 
direction, are centered on the width of the flume. The 
former plane net is fixed in place, while the others are 
positioned downstream successively with different plane 
net numbers. Flow velocities between two adjacent plane 
nets and 1.0W downstream from the net model are 
measured using ADV. 
 
Results and discussion 
As the net number increases, the flow velocity 
reduction downstream from the plane net increases at 
different incoming velocities (see Fig. 9). For single 
plane net, the flow velocity reduction factor is 
insensitive to the incoming velocity. However, the 
reduction factor downstream multiple nets becomes 
greater as incoming velocity increases. The tendency is 
more obvious with more plane nets. 
As the net number increases from 1 to 4, the 
minimum flow velocity reduction factor downstream 
from the plane nets decreases from 0.90 to 0.68 (see Fig. 
10). The plane nets influence the flow velocity 
distribution downstream obviously, and the rear plane 
net has slight influence on the flow velocity distribution 
upstream. This leads to the discrepancy of the flow 
velocity variation tendency between different net models. 
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Fig. 9 The flow velocity reduction factor 1.0W 
downstream from multiple plane nets at different net 
numbers (n=1, 2, 3 and 4) 
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Fig. 10 The flow velocity reduction factor at different 
measurement points around multiple plane nets at 
different net numbers when incoming velocity is 0.170 
m/s 
 
CONCLUSIONS 
In this study, a series of laboratory experiments are 
conducted to investigate the flow velocity distribution 
around the plane net(s) with different solidity, spacing 
distances between two plane nets and plane net numbers 
in current. The experimental results show that these 
parameters can influence the flow field around the plane 
net(s) to different extents.  
Because of the shielding effect, there exists an 
obvious flow velocity reduction downstream from the 
net model. It is determined that the net solidity is the 
main factor which affects the flow velocity distribution 
downstream from the plane net. The shielding effect of 
the plane net increases with increasing net solidity. The 
spacing distance has no obvious influence on the flow 
velocity reduction between and downstream from two 
plane nets. According to the experimental results, the 
average value of flow velocity reduction factor is 0.90 
between two plane nets and 0.83 downstream from two 
plane nets. As water flows through multiple plane nets, 
the flow velocity is gradually reduced along the flow 
direction. As the net number increases from 1 to 4, the 
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minimum flow velocity reduction factor downstream 
from the plane nets decreases from 0.90 to 0.68. The 
reduction factor behind multiple nets becomes greater as 
incoming velocity increases. 
 
ACKNOWLEDGEMENTS 
 This work was financially supported by the National 
Natural Science Foundation (NSFC) Project 
No.51239002, the National 863 High Technology 
Project No.2006AA100301.  
 
REFERENCES 
Aarsnes, J.V., Rudi, H. and Løland, G. (1990). Current 
forces on cage, net deflection. In: Engineering for 
Offshore Fish Farming. Thomas Telford, London: 
137–152. 
Balash, C., Colbourne, B., Bose, N. and Raman-Nair, W. 
(2009). Aquaculture net drag force and added mass. 
Aquacultural Engineering 41(1): 14–21.  
Fredheim, A. (2005). Current forces on net structures. 
Ph.D. Dissertation, University of Science and 
Technology, Norway. 
Fredriksson, D.W. (2001). Open ocean fish cage and 
mooring system dynamics. Ph.D. Dissertation, 
University of New Hampshire, Durham, NH, USA. 
Gansel, L., Rackebrandt, S., Oppedal, F. and McClimans 
T. (2011). Flow fields inside stocked fish cage and 
the near environment. In: 30th International 
Conference on Offshore Mechanics and Arctic 
Engineering, Rotterdam, Netherlands, OMAE2011–
50205. 
Gui, F.K., Li, Y.C., Zhao, Y.P. and Dong, G.H. (2006). 
A model for the calculation of velocity reduction 
behind a plane fishing net. China Ocean Engineering 
20(4): 615–622. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Harendza, A., Visscher, J., Gansel, L. and Pettersen, B. 
(2008). PIV on inclined cylinder shaped fish cages in 
a current and the resulting flow field. In: 27th 
International Conference on Offshore Mechanics and 
Arctic Engineering, Estoril, Portugal, OMAE2008–
57748. 
Johansson, D., Juell, J.E., Oppedal, F., Stiansen, J.E. and 
Ruohonen, K. (2007). The influence of the 
pycnocline and cage resistance on current flow, 
oxygen flux and swimming behaviour of Atlantic 
salmon (Salmo salar L) in production cages. 
Aquaculture. 265(1): 271–287. 
Lee, C.W., Kim, Y.B., Lee, G.H., Choe, M.Y., Lee, M.K. 
and Koo, K.Y. (2008). Dynamic simulation of a fish 
cage system subjected to currents and waves. Ocean 
Engineering 35(14–15): 1521–1532. 
Li, Y.C., Chen, C.P., Li, C.L. and Mao, Y.C. (2005). A 
study on effectiveness of flow reducing by the net of 
gravity cage group. Shipbuilding of China. 
46(z1):105–109. (in Chinese) 
Lader, P.F., Enerhaug, B., Fredheim, A. and Krokstad, J. 
(2003). Modelling of 3D net structures exposed to 
wave and current. In: 3rd International Conference 
on Hydroelasticity in Marine Technology: 19–26. 
Patursson, Ø., Swift, M.R., Tsukrov, I., Simonsen, K., 
Baldwin, K., Fredriksson, D.W. and Celikkol, B. 
(2010). Development of a porous media model with 
application to flow through and around a plane net. 
Ocean Engineering 37(2): 314–324. 
Zhao, Y.P., Bi, C.W., Dong, G.H., Gui, F.K., Cui, Y. and 
Xu, T.J. (2013). Numerical simulation of the flow 
field inside and around gravity cages. Aquacultural 
Engineering 52(2013): 1–13. 
 
 
 
